Abstract. The interleukin-1 receptor antagonist (IL-1RN) is a natural antagonist of IL-1 receptors, and its 86-bp variable number tandem repeat (VNTR) polymorphism within intron 2 has been associated with the development of several cancers. This study aimed to evaluate the IL-1RN polymorphism for its potential association with head and neck cancer in Indonesia population. Polymerase chain reaction analysis was performed on stored blood-derived DNA samples from 110 control participants and 90 patients with head and neck cancer for the IL-1RN VNTR polymorphism. Chi-square and odds ratio were used for the statistical analysis. This study showed no significant difference in the frequencies of genotypes or alleles in either the control or the cancer groups. However, a larger sample size could reveal a more significant difference between the groups. The IL-1RN VNTR polymorphism was not associated with head and neck cancer in the studied Indonesian population.
Introduction
Head and neck cancer (HNC) is the seventh most common cancer in the world and the ninth most common in America. In 2014, more than 54,000 new cases were found in America, and approximately 12,000 deaths occurred [1] . In Indonesia, HNC is the fourth most common malignancy found both in men and women and the second most common in men, with a prevalence of 4.7/100,000 population [2] . HNC is a cancer of the upper aerodigestive tract, typically arising from the mucosal lining surface, comprising squamous cells inside the head and neck; therefore, 90% of HNC is squamous cell carcinoma. Although the most common sites of this cancer are the lower lips and tongue, it can begin at the lips, oral cavity, nose, pharynx, larynx, paranasal sinus, or thyroid gland [3] . HNC evolves through various stages, which are influenced by environmental factors such as smoking or other tobacco use, alcohol use, ultraviolet exposure, and genetic changes [4, 5] .
Interleukin-1 receptor antagonist (IL-1RN) belongs to the interleukin-1 (IL-1) family, along with IL-1β and IL-1α, which are potent proinflammatory cytokines. IL-1RN competes with the other two polymorphic genes to prevent the IL-1 cell receptor from receiving proinflammatory signals [6] . A genetic polymorphism of the IL-1RN gene has been found to potentially affect human susceptibility to various diseases, including malignancies [7] . A variable number of tandem repeats (VNTR) of 86 bp (base pairs) in length is found in intron 2 of the IL-1RN gene ( between individuals is between 2 and 6, and the number of alleles exhibits variation among ethnic and geographic populations [8, 9] .
Several previous studies have reported significant associations between the IL-1RN gene and certain cancers, including various malignancies in the head and neck [6] [7] [8] [9] . The proinflammatory immune response of individuals with the II allele of IL-1RN (IL-1RN*2 allele), the short allele that corresponds to two repeats, compared with the other genotypes of IL-1RN (long alleles), has been considered to be prolonged and more severe [8] . A significant association with oral squamous cell carcinoma has been reported for this gene polymorphism in North India [9] . This IL-1RN gene polymorphism has also been significantly associated with nasopharyngeal carcinoma in Portugal [6] . The information regarding the effect of this polymorphism on HNC in the world is limited, and there is nothing published in relation to Indonesia. The present study aimed to investigate the association between the IL-1RN gene and HNC in the Indonesian population.
Materials and Methods
The materials used in this study consisted of previously extracted DNA samples that were stored at −20°C. The samples for this study were originally extracted from the blood serum of 90 patients with HNC and 110 healthy controls, using the methods of a previous study for sampling and isolation [10] . This study was approved by the Dental Research Ethics Committee of the Faculty of Dentistry of the Universitas Indonesia.
Genotyping of the IL-1RN VNTR polymorphism was performed using polymerase chain reaction (PCR) analysis. The 20 µL PCR mixture contained 10 µL mastermix (Bioline, UK), 0.75 µL of each primer, 8.2 µL ddH2O, and 0.3 µL DNA template. The forward primer sequences for amplification were 5'-CCCCTCAGCAACACTCC-3', and the reverse primer sequences were 5'-GGTCAGAA GGGCAGAG-3'. The amplification started with an initialization step at 94°C for 4 minutes. The next steps were repeated for 35 cycles, consisting of a denaturation step at 94°C (30 seconds), annealing at 57°C (30 seconds), and elongation at 72°C (45 seconds). The last step was a final elongation step at 72°C (5 minutes). The PCR products were then analyzed by 2.5% agarose gel electrophoresis (stained with GelRed) and documented in a Geldoc system.
The expected PCR amplification products were 410 bp (IL-1RN*1), 240 bp (IL-1RN*2), 325 bp (IL-1RN*3), 500 bp (IL-1RN*4), and 595 bp (IL-1RN*5). The IL-1RN*1 allele was a wild-type allele that corresponded to four copies of the 86 bp repeat and are classified as long alleles, along with IL-IRN*3,*4, and *5, which have more than two copies of the 86 bp repeat. The short allele was IL-1RN*2, which corresponded to two copies [6, 8] . These alleles will be referred to as allele I, II, III, IV, and V.
Data analysis for the study was performed using the statistics program SPSS 22. Chi-square test was used to analyze the frequency differences of the genotypes and alleles between the cancer and control groups, and to assess concordance with the Hardy-Weinberg equilibrium. Odds ratios (ORs) were also determined to assess the risk of HNC and its association with the IL-1RN VNTR gene polymorphism. In all cases, significance was generally assumed at p < 0.05.
Results
Examples of the amplified PCR products visualized using the Geldoc system are shown in Figure 1 , in which the I/I genotype (wild-type genotype) is represented by one band at 410 bp, the II/II genotype by one band at 240 bp, the I/III genotype by two bands at 410 bp and 325 bp, and the I/II genotype by two bands at 410 bp and 240 bp.
This study on the Indonesian population observed various combinations of three alleles (I, II, and III) of the IL-1RN VNTR gene polymorphism in intron 2. The observed genotype and allele distributions are shown in Table 1 . Table 1 . Genotype and allele distributions of the IL-1RN VNTR gene polymorphism in healthy controls (n = 110) and in patients with HNC (n = 90). Of 110 healthy controls, 77 had I/I (70%), 1 had III/III (0.9%), 1 had II/II (0.9%), 29 had I/II (26.4%), and 2 had II/III (1.8%); of 90 patients with HNC, 69 were I/I (76.7%), 1 was I/III (1.1%), and 20 were I/II (22.2%). The allele distributions in the healthy controls were 183 (83.2%) with the I allele, 33 (15%) with the II allele, and 4 (1.8%) with the III allele; in the patients with HNC, 159 (88.3%) had the I allele, 20 (11.1%) had the II allele, and 1 (0.6%) had the III allele. The wild-type I/I genotype and the I allele were the most frequent in both observed groups. The genotype distributions in both the control and cancer groups were consistent with the Hardy-Weinberg equilibrium (P > 0.001). The results of chi-square test, summarized in Table 1 , indicate no significant association between the genotype and allele of the IL-1RN VNTR gene polymorphism and HNC in the studied Indonesian population (P = 0.347 and P = 0.321). It was also observed that this polymorphism might not be a risk factor for HNC (OR = 0.708, 95%).
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Discussion
IL-1RN presents naturally as a specific cytokine receptor antagonist in the human body. However, studies have revealed that IL-1RN concentrations are elevated during the final stages of the inflammatory response [11] [12] [13] . High levels of IL-1RN have been considered to be associated with the development of some cancers, including oral squamous cell carcinoma, gastric cancer, and breast cancer [13] [14] [15] . In some studies, however, low levels of this gene have been associated with other human malignancies, such as colorectal and prostate cancer. The biological mechanisms underlying IL-1RN alterations in the development of tumors have not yet been determined, given its properties are likely due to changes in the IL-1 pathways. Therefore, it is suggested that IL-1RN plays an important role in maintaining the normal condition of cells, and a loss of protein expression could result in an increased risk of the development of HNC [11] [12] [13] [14] [15] [16] .
The II allele of the IL-1RN VNTR polymorphism has been revealed to be significantly associated with various diseases. Human IL-1RN II allele homozygosity results in a proinflammatory immune response that is more severe and more prolonged than that of the long alleles of IL-1RN [13] . The present study showed no significant association between the IL-1RN VNTR polymorphism and the II/II genotype (II allele homozygosity) because this genotype did not present in the HNC samples (0%) and was found in only 1 out of 110 healthy controls (0.9%); although II alleles do present in the heterozygote genotypes.
Two previous studies on the IL-1RN VNTR polymorphism's association with nasopharyngeal cancer and oral squamous cell carcinoma were compared with this study, as shown in Table 2 . The difference in significance could be partially due to the difference in ethnicity of the studied populations (Portuguese, North Indian, and Indonesian), which could also influence the genetic risk factors. Individuals' susceptibility to cancer could be different depending on their ethnicity and other environmental factors, such as smoking and alcohol consumption [17] . The total samples of the Portuguese and North Indian studies were also larger than that of our study: 657 samples [6] , 270 samples [9] , and 200 samples, respectively. These sample sizes could be another critical point to revealing a more significant association between otherwise similar patients with cancer and controls. Any studies related to HNC and the IL-1RN VNTR polymorphism are advised to extend and count the sample size statistically. Determining a more specific type of cancer could also affect the significance of the study, given the IL-1RN VNTR gene polymorphisms in various types of HNC could be different from one another. In the studied Indonesian population samples, no significant association was found between the tested healthy controls and the patients with HNC.
Conclusion
The IL-1RN VNTR polymorphism was not associated with head and neck cancer in the studied Indonesian population. 
